water/solid. and oil/water interfaces and e is the contact angle measured through the aqueous phase. Furthermore. an oil-displacement mechanism dependent on a "deterge~-type" behavior cannot yet be ruled out.
Wettability together with interfacial tension plays a maJor role in achieving the displacement ot oil from the pores ot the reservoir rocks.
Both of the above properties can be expected to be aftected by the addition ot surtactants. For ex~le.
recovery of oil from silica systems is reported -8 to increase through a wettability reversal possibly due to adsorDtion ot amine as well as reduction of oil/w~ter int~rfacial tension. The governing mechanisms by which surfactants enhance the displac~m ent are not however fully understood. In this study, resu1ts of tests using a simple flotation are presented and correlated with data obtained for adsorption and zeta potential for the same systea.
In addition to the advantage that polishing is not required for the use of the flotation technique, it can be considered as a more precise measure o~ hydrophobicity.
Since it is known that contact ang1e requirement for flotation can vary anywhere from a fraction of a degree to several degrees depending on the mineral type.
Thus for galena vhi1e less than a degree is sufficient for flotation, for oxides such as quartz a contact angle of degrees is required.
Based on the Young's equation
Experimenta1 Procedure
The minerals used here have been found to exhibit long-term effects.
In order to minimize the effects of such long-term alterations o~_the correlation between adsorption and flotation, the times of reagentizing of the mineral with the solutions were chosen here to be the same as those used in adsorption, i.e., four hours for limestones and saodstones. Reagentizing was done by tumbling the solutions in the absence of air for the desired time. and 6 is the contact angle. One requirement at air flotation is that YSA should be higher than Ysw. The required difference between the two interfacial tensions will depend in addition to surtactant adsorption on the bubble surface, essentiallY upon the tendency for hydration ot the original mineral. In oil extraction, it is possible to have the solids in oil phase, vater phase or at the intertace depending on the following criteria9-11:
It YSO > YWO + YSW' the solid will be dispersed in the water.
. Flotation was conducted using the 8Odiried Ha11i-mond tube set-up shown in Figure 11 ~ . The lower part of the apparatus consists of a glass well with a fri tted glass disk with a maximum pore size of 40 microns sealed to the bottom.
The glass well is connected at the bottom to a suPPly gas or oil to produce air bubbles or oil droplets.
The upper part consists of ã glass tube with a stem just above the bend. A flowmeter is connected to the top of the tube to measure the fluid flow.
The Ha11imond tube containing a polyethYlene coated magnetic bar is placed on a magnetic stirrer and this enables controlled stirring of the mineral in solution.
'!'tie flow rate is con- 
Tbe sulfonate concentrations were determined using the twophase titration technique with a IDixture of dim.idium bromide and disulpbine blue as indicator.
Electrophoretic mobility of samp1es is measured using a Zeta meter after reagentizing, before f1ota-tion.
Zeta potential is evaluated from the mobi1ity data in the standard manner. Results obtained ror the bydrophobicity of limestones, as measured by f10tation, are given in Figures 2 and 3, a100g with those obtained for adsorption density and e1ectrophoretic mobility. It appears fr<:a the data presented here that f10tation can be a good measure or wettability.
RESULTS AND DISCUSSIOB
Reproducibility as indicated by the dup1icate points in the plot is fairly good. It is interesting to note that the flotation goes through a aaximua as does the adsorption density.
Zeta potentia1, however, continues to become .ore negative in the complete range studied. An analysis of the data, f10tation, adsorption, and zeta potentia1, with an understanding of what these three interfacia1
properties mean, can assist us in providing information on the m01ecular mechaniSDIS by which these surfactants adsorb at thĩ nterfaces. Results obtained for mineral extraction using oil are given in Figure 7 as a function of tbe surfact~t concentration. A maximum is obtained in tbis case also and, interestingly, is located at a concentration lower than that corresponding to the maximum in the absence of oil.
It is also interesting to note in contrast to air flotation, oil flotation is significant even without the addition of the sulfonate. The oil flotation is possibly due to organic contaminants that are present with most natural minerals which assisted by an oil coating is able to impart sufficient hydroPhobicity to the mineral particles. Such coadsorption or oil can also take place with the sulfonate and this in turn can lead to the required rirst I K~karni, R.D., Somasundaran, P., "Effect ot Pretreatment on the Electrokinetic Properties ot Quartz," Int. J. Miner. Process., Vol. 4, 1977, p.89-98. Kulkarni. R.D.. Somasundaran Good correlation W8$ obtained in this stuq between mineral flotation and surfactant adsorption with both ~operties exhibiting a maximum near critical micel1e concentration. Above critical micel1e concentration, vbile adsorption (surface excess), which is a measure of partitioning of the surfactant between the interfacial region and the bulk, had shown a decrease with increase in surfactant concentration, flotation, which is dependent upon both the amount of surfactant adsorbed and the configuration of it in the adsorbed state, also exhibited a decrease.
However, zeta potential, which is directly related under constant ionic strength conditions to sulfonate adsorption (other than by ion exchange), showed a continued increase in its negative value.
Oil extraction also exhibited a mSlxi!!!1~ but at a lower sulfonate concentration than that of air flotation owing to interactions between oil and surfactant possibly both at the solid/solution interface and in the bulk. 
